LIQUID FILTER/HEAT EXCHANGER UNIT 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a liquid filter/heat exchanger 
unit, in particular for motor vehicles, comprising a liquid filter with a filter 
element in a filter housing, a heat exchanger with a liquid inlet and outlet, 
the unfiltered liquid side of the filter element communicating with the heat 
exchanger outlet; a bypass which bypasses the heat exchanger and connects 
the heat exchanger inlet directly to the unfiltered liquid side of the filter 
element, and a switching element for controlling liquid flow into the heat 
exchanger and/or the bypass. 

[0002] To cool the oil in internal combustion engines, a liquid filter/heat 
exchanger unit is flange-mounted on the engine block, so that the oil 
required for lubricating the engine can be cleaned and cooled. The liquid 
filter/heat exchanger unit comprises a liquid filter having a filter element 
situated in a filter housing and a heat exchanger connected to the filter 
housing. The entire unit is flange-mounted on the engine block, so that the 
unfiltered, hot raw oil from the engine block first goes through an inlet in 
the liquid filter/heat exchanger unit into the heat exchanger, where it is 
cooled and then is passed to the unfiltered oil side of the filter element and 
is cleaned in the filter element. The cooled and cleaned oil from the clean 
side of the filter element then is reintroduced into the oil circuit in the 
engine block. 

[0003] In a cold start, particularly at very cold temperatures, in order to 
prevent the dirty oil entering the heat exchanger from clogging it due to its 
increased viscosity at low temperatures and thus interfering with steady- 
state flow through the heat exchanger, a bypass branches off from the heat 



exchanger inlet directly to the unfiltered side of the filter element. In this 
bypass there is a bypass valve, which is in the closed position at the regular 
operating temperature and thus obstructs the bypass but opens at low 
temperatures, so that the dirty oil bypasses the heat exchanger and is sent 
directly to the unfiltered side of the filter element. 

[0004] The switching function of the bypass valve is usually controlled 
based on the pressure in the inlet, which increases when there is blockage 
of the oil in the heat exchanger. If the pressure exceeds an allowed limit 
value, the bypass valve is opened and the dirty oil can flow directly to the 
unfiltered side of the filter element. This prevents clogging of the heat 
exchanger and also facilitates faster heating of the oil. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is the object of the present invention to provide 

an improved liquid filter/heat exchanger unit. 

[0006] Another object of the invention is to provide a liquid filter/heat 
exchanger unit with a simple design. 

[0007] A further object of the invention is to provide a liquid filter/heat 
exchanger unit which functions in a temperature dependent manner 
without any controlling intervention from the outside. 

[0008] An additional object of the invention to provide a liquid filter/heat 
exchanger unit in which the heat exchanger is shut down at low 
temperatures and is bypassed by the liquid stream to be cleaned. 
[0009] It is also an object of the invention to provide a liquid filter/heat 
exchanger unit from which the oil will drain without an external 
intervention when the oil in the engine is changed. 

[0010] These and other objects are achieved in accordance with the 
present invention by providing a liquid filter/heat exchanger unit 
comprising a liquid filter comprising a filter element arranged a filter 
housing to divide an unfiltered liquid area from a filtered liquid area; a heat 
exchanger having an inlet and an outlet for a liquid, the outlet 
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communicating with the unfiltered liquid area of the liquid filter; a heat 
exchanger bypass which connects the inlet of the heat exchanger directly to 
the unfiltered liquid area of the liquid filter; and a switching element for 
controlling liquid flow through the bypass; wherein the switching element 
comprises a bimetal element which permits liquid flow through the bypass 
at temperatures at or below a switching temperature and blocks liquid flow 
through the bypass at temperatures above the switching temperature. 
[0011] In the inventive liquid filter/heat exchanger unit, the switching 
element is situated in the inlet to the heat exchanger and regulates the 
liquid flow into the heat exchanger or alternatively into the bypass, which 
leads directly from the inlet to the unfiltered side of the filter element of the 
liquid filter, bypassing the heat exchanger. According to this invention, the 
switching element comprises a bimetal element, which is automatically 
adjusted between two switch positions when the temperature rises above or 
falls below a specific switching temperature. 

[0012] In a first switch position, assumed by the bimetal element below 
its switching temperature, the liquid stream or a portion of the liquid 
stream is directed through the bypass to the unfiltered side of the filter 
element, bypassing the heat exchanger. However, in the second switch 
position assumed by the bimetal element above the switching temperature, 
the entire liquid stream is advantageously directed into the heat exchanger. 
This second switch position corresponds to normal operation of the internal 
combustion engine. 

[0013] With this design as a bimetal element, automatic temperature- 
dependent switching of the switching element is achieved. No external 
intervention to implement the switching operation is necessary. The 
switching temperature can be adjusted to the particular intended purpose 
through an appropriate design of the bimetal element. For example, for an 
oil filter/heat exchanger unit for filtering and cooling motor oil in internal 
combustion engines or transmission oil, the switching temperature may be 
in a temperature range from approximately 40°C to 80°C. Below this 
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temperature, the bimetal element is in a position which opens the bypass, 
so that the incoming dirty oil is sent directly to the filter element, bypassing 
the heat exchanger. 

[0014] Since the switching operation in the bimetal element takes place 
independently of the operating state of the internal combustion engine, the 
bimetal element is not only in a position which bypasses the heat exchanger 
after a cold start at low outside temperatures, but it is also below the 
switching temperature after the internal combustion engine has been 
turned off and the liquid to be cleaned has cooled. This has the advantage 
that after the temperature drops below the switching temperature when the 
engine is shut down, the bimetal element is automatically in a position 
which opens the bypass, and all the liquid can drain out of the heat 
exchanger through the bypass when maintenance is performed. In the case 
of an oil filter and oil heat exchanger, this greatly simplifies an oil change 
because almost all the remaining oil is removed from the system. 
[0015] In accordance with one advantageous embodiment of the 
invention, the bimetal element is situated directly at the bypass, in 
particular in the area of the bypass opening to the inlet to the heat 
exchanger. Below the switching temperature, the bimetal element is in the 
open position, but above the switching temperature it is in the closed 
position so that the liquid flow goes exclusively into the heat exchanger. 
[0016] In accordance with another advantageous embodiment of the 
invention, the bimetal element may provided directly as part of the heat 
exchanger, in which case the bypass is advantageously also a component of 
the heat exchanger and in particular is integrated into an intermediate 
plate arranged between a base plate (e.g., a mounting plate of the heat 
exchanger) and the heat exchanger housing. Again in this case, the bimetal 
element is open below the switching temperature so that at least a 
substream of the liquid goes directly to the unfiltered oil side of the filter, 
bypassing the heat exchanger. Above the switching temperature, the 
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bimetal element is closed, and the entire liquid flow is passed through the 
heat exchanger. 

[0017] However, it may optionally also be advantageous to provide one 
bimetal element at the inlet opening to the heat exchanger and another 
bimetal element at the bypass, with each of these bimetal elements being 
switched at the same switching temperature but in opposite directions. This 
embodiment prevents any incorrect flows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention will be described in further detail with reference to 
illustrative preferred embodiments shown in the accompanying drawings, 
in which: 

[0019] Figure 1 is a sectional view through a liquid filter/heat exchanger 
unit, which may be flange-mounted on an engine block of an internal 
combustion engine for cleaning and cooling engine oil; 

[0020] Figure 2 is a detail view of a switching element designed as a 
bimetal element for regulating liquid flow through a heat exchanger bypass, 
with the bypass valve shown in the open position; 

[0021] Figure 3 is a detail view showing the bimetal element in the 
closed position; 

[0022] Figure 4 shows another bimetal element, which is situated in the 
area of the inlet opening of the bypass and is downstream from a baffle 
plate; and 

[0023] Figure 5 shows a detail view of a heat exchanger having a base 
plate, and intermediate plate with a bypass and a heat exchanger housing. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0024] The liquid filter/heat exchanger unit 1 shown in Figure 1 is used 
for cooling and cleaning motor oil or transmission oil of an internal 
combustion engine 25 and comprises a liquid filter 2 and a heat exchanger 
3. Although the liquid filter 2 and the heat exchanger 3 are designed as 
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independent components, they are fixedly joined together. In a filter 
housing 4, the liquid filter 2 has a filter element 5, which is designed as a 
hollow cylinder whose radial outside forms the unfiltered liquid side 6 
which is to receive the unfiltered liquid to be cleaned as an oncoming radial 
flow and whose cylindrical interior forms the clean or filtered liquid side 7 
through which the cleaned liquid is discharged axially. The filter element 5 
is inserted into a mounting space in the filter housing 4, the cylindrical 
interior of the filter element being placed on a housing connection 8 which 
is part of a drain pipe to drain the cleaned liquid in the direction of arrow 9 
back to the oil circuit of engine 25. 

[0025] The dirty liquid to be cleaned is conducted in the direction of 
arrow 10 from engine 25 into an inlet channel 11, which is provided in the 
filter housing 4 and in which there is a non-return valve 12 to prevent 
unwanted return flow of the liquid to be cleaned in the direction opposite 
the direction of arrow 10. The inlet channel 11 communicates with an inlet 
opening 13 in the heat exchanger 3 mounted on the side of the filter 
housing 4. 

[0026] In regular operation — at temperatures above a switching 
temperature, i.e., the cutoff temperature of the liquid — the liquid to be 
cleaned flows through the inlet channel 11 and through the opening 13 into 
the heat exchanger 3, where it is cooled and then flows through an outlet 
opening 14 in the housing of the heat exchanger 3 and a connecting channel 
15 in the filter housing into the outer annular space encompassing the filter 
element 5, striking the unfiltered liquid side 6 of the filter element radially. 
After flowing radially through the filter element, the cleaned and cooled 
liquid is discharged in the direction of arrow 9 through the clean side 7 and 
the housing connection 8 back to engine 25. 

[0027] The inlet channel 11 is connected directly to the annular space 
encompassing the filter element 5 and the unfiltered liquid side 6 of the 
filter element via a bypass 16 in the wall of the filter housing — which in 
this illustrative embodiment is opposite the inlet opening 13 to the heat 
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exchanger 3. The bypass opening is opened and closed by a switching 
element 17 provided in the area of the inlet channel 11. Switching element 
17 comprises a bimetal element 18, which is adjusted between a closed 
position and an open position when the temperature respectively rises 
above or falls below a specific switching temperature. 

[0028] In Figure 1, the switching element 17 is shown in its open 
position in which the liquid flow or substream flowing into the inlet channel 
11 passes directly through the bypass 16 to the unfiltered liquid side 6 of 
the filter element 5, bypassing the heat exchanger 3. This is the position 
assumed by the bimetal element below its specific switching temperature, 
which is 80°C, for example, in the case of oil filtering and/or oil cooling, to 
prevent the pressure in the heat exchanger from rising to an unacceptable 
level due to the increased viscosity of the liquid to be cleaned, which occurs 
at low temperatures, and possible blocking or clogging of the heat 
exchanger 3. 

[0029] When the temperature exceeds the switching temperature, the 
bimetal element 18 is automatically switched to its second switch position, 
which corresponds to the closed position and in which the bypass 16 is shut 
off, so that the entire liquid flow passes through the opening 13 and 
through the heat exchanger 3. 

[0030] At the bottom of the mounting space in the filter housing 4, which 
holds the filter element 5, an outlet channel 20 branches off. Outlet 
channel 20 is closed by a closing spring 19, which is acted upon axially from 
its end face, pushing it into its closed position when the filter element 5 is 
inserted. In this position, the outlet channel 20 is sealed. However, if the 
filter element 5 is removed from the mounting space in the filter housing 4, 
the closing spring 19 automatically moves into the open position because of 
its inherent tension, and the outlet channel 20 is opened. Then all of the 
liquid which is still in the mounting space of the filter housing 4 can flow 
out through the outlet channel 20. 
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[0031] Since the filter element is removed only when the internal 
combustion engine is turned off and the bimetal element 18 is in its open 
position due to the cooling of the liquid to a temperature below the 
switching temperature when the internal combustion engine is turned off, 
therefore, almost all the liquid content of the heat exchanger 3 is 
automatically drained through the bypass 16 and the outlet channel 20 out 
of the liquid filter/heat exchanger unit 1 after the internal combustion 
engine is turned off. 

[0032] Figures 2 and 3 show enlarged diagrams of the switching element 
17 with the bimetal element 18 at the opening of the bypass 16. According 
to Figure 2, the bimetal element 18 is in its open position and the liquid can 
flow through the bypass 16 in the direction of the arrows shown in the 
drawing. This is the position assumed by the bimetal element 18 at a 
temperature below its switching temperature. 

[0033] Figure 3 shows the switching element 17 closed, with the bimetal 
element 18 closing the opening of the bypass 16, preventing any flow of 
liquid through the bypass 16. This is the position assumed by the bimetal 
element 18 at temperatures above its switching temperature. 
[0034] In Figure 4, a baffle plate 21 is affixed upstream of the bimetal 
element 18 of the switching element 17. Baffle plate 21 is constructed, for 
example, as a plastic disk, which should prevent the bimetal element 18 in 
the open position (shown with a solid line) from being entrained by the 
liquid flow and inadvertently moved into the closed position (shown with a 
broken line). If necessary, the baffle plate 21 may also assume the function 
of a mounting element for the bimetal element 18. The diameter of the 
baffle plate 21 is advantageously such that the bimetal element 18 is 
completely shielded by the baffle plate in the open position. 
[0035] In the embodiment according to Figure 5, the heat exchanger 3 
comprises a base plate, i.e., mounting plate 22, on which is placed an 
intermediate plate 23, which carries the heat exchanger housing 24. The 
bypass 16 is formed as a cutout in the intermediate plate 23, with the 
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bimetal element 18 of the switching element 17 being situated in the area of 
the bypass inlet opening, which is situated in the base plate 22 and 
communicates with the inlet channel for the unfiltered oil. The bimetal 
element 18 is mounted on the base plate 22 and thus also on the heat 
exchanger 3. 

[0036] Through the outlet opening of the bypass, which is also formed in 
the base plate 22, the bypass is connected to the connecting channel 15 to 
the unfiltered liquid side of the filter element in the liquid filter 2. At a 
temperature below the switching temperature, the bimetal element 18 is 
opened and at least a portion of the liquid flow can flow directly through the 
bypass 16 into the connecting channel 15, bypassing the heat exchanger 
elements of the heat exchanger 3. 

[0037] At temperatures above the switching temperature, the bimetal 
element 18 is closed, so that the entire liquid flow is also passed through 
the heat exchanger 3 to cool it and thence also through the connecting 
channel 15 to the unfiltered liquid side of the filter element. 
[0038] The foregoing description and examples have been set forth 
merely to illustrate the invention and are not intended to be limiting. Since 
modifications of the described embodiments incorporating the spirit and 
substance of the invention may occur to persons skilled in the art, the 
invention should be construed broadly to include all variations within the 
scope of the appended claims and equivalents thereof. 
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